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Upon receiving my Bochelur s degree
in Civil Engineering, l graduated with a

9

Mus?er s degree in Arch‘necmrol
Technology: with a fecus on
multidisciplinary appreaches in the
design process o¢ the building envelope.
In this new londscoPe, the design process
o¢ multi¢unctional elements is ¢ocused on
the combinatien o¢ ¢orm ¢inding, material
selection and assessment o¢ the

envirenmental behaviors.



While celebrated as precious source o¢

inspiration in traditienal architecture, the

==
'.

lack o¢ multidisciplinary appreach in Iran

restricts any meodern interpretation o¢
these solutions toward a new design.
Maost o the scholars and architects in
Iran only operate computers cor the
purpese o¢ drufting or rendering. Yef,
computational design shigts the
boundaries o disciplinary reles and
opens up the pessibility ¢or the
emergence o¢ 0 percormance-oriented
design. In this appreach, the design can

be considered as a process o¢ multi-

objective exploration that is driven by
some desired pergermances (aesthetic,
structural and envirenmental). In lran,
these o¢ us who consider the practice o¢

design with new digital tools as a

collaberatien o¢ architects and engineers

remain on the ¢ringes.

ARCHITECTURE WITH ARCHITECTS
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Before starting my Ph.D. studies in |run,
| researched vernacular architecture as
solutions ¢or climatic design and passive
strategies. In contrast te medern
strategies, the traditional architecture
og¢ered simple yet holistic solutions to
complex problems. In some o the Iranian
vernacular architecture, the harsh climate

and inhespitable envirenment is most

— r——"‘j A - X - G : — - e¢sectively tempered by the use o; gentle
ECTL LT mids - : g -

tectenic ernamentations such as
Palekanes (Mashruhiyes), Orosi

windows, Wind Cutchers, and se en.
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Weather Analysis

Location : Iran, Tehran

Passive Design Strategies:

Notural Daylighting: Up to 3660 heurs
Passive Heating

Direct Solar Gain

High Thermal Mass + night Flushed
Trombe Wall and Water Walls
Passive Cooling

Shading or Solar Heat Gain

Up to 3650 sunny hours a year
Natural Ventilation
Humidification and Direct Evuporuting
Tehran-Mehrabad
South-Facade; Azimuth: 0° ;Slope: 80° Cooling
Tehran-Mehrabad
45 - 50 - - 380 Eorth Cooling (Conductive Cooling)

DLOT@ITR0 +ALSEY

Tehrmal Comfort Range:
(] O
18 -21  (lran Meteorological

Orgunization)

Outdaar Alr Temperature [*C)

§ 1 " Adapﬁve Com‘ort Corve (Dr. Sh.
50 | L 5o Heydari)
=5 4 10309 $700 AT
10 . 5 . . . . 5 . . 5 o o
Jan Fab Mrz Apr (LE Jun Sul Aug Sap e ] Mo Dz Bn [ i age iy un pal aug Sep -1 R dec
Thermal Comiort Range: Adapive Comfort Curve (Heydar, 2008) Total Insolafion (Jan, Feb, Oct, Nowv, Dec) on South Facade - 31% KWh/m2

izl 1156 KWt = Ground Refiection 11 kiWne'ia = Difuse Ramaton 461 KammYa = Beam Raason 525 kWnimia

Source Weathertle: Tehran-Mehmabad 407540 (ITMY)
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Concept
Multifunctional Adaptive Facade

Blood circulation and its velocity
changes during the cold and het stresses
is controlled by a eedback system in the
hypothalamus; the temperature-

regulating center o¢ the brain. When

Multifunctional:
Designing a building envelope as an architectural facade, thermal barrier and load bearing structural

cold, the hairs are raised by small
muscles to trap a layer o air near the

skin geose bumps or ¢lugsing in birds.

Adaptive:
Interacting dynamically with the environment
Water as building’s blood Transfer the amount of heat energy from the building core to the surface or vice versa.

Decreasing the convection the trapped
air as an insulater helps to keep heat in.
bloed is alse kept away ¢rem the surcace
by vasecenstrictien. In hot, the blood
vessels leading to the skin capillaries
dilate, known as vasedilation. This
allows lots o¢ bleed te ¢low near the
sur¢ace and heat is lost through the skin
by convection and radiation. Al these
mechanisms are parts o¢ a nermal
behavior in warm-bleeded animals to
control their bedy temperature M

Lauster, 2009).

Transsolar



Concept
Multifunctional Adaptive Facade

Adaptive Envelope Functions:

1.

AN )

Transparent Solar Heat Collector

Dynamic Shading and Daytime Heat Rejection
Night ime Heat Rejection to The Sky

Supply Useful Daylight

Shading Without Shades (Refraction Effect)

Transsolar

WATER as BLOOD

|nspired by the blood citculation responding te
heat and cold stress, in a comprehensive
appteach, every multi-layer cushion o¢ this
envelope has a great pessibility o¢ interacting
dynamically te the environment. the cushion as
the live respensive skin is able te imitate
bl
birds ¢lugsing in cold winter te gain heat and
keep it inside the vital organs and lese more
heat by radiation or convection transcerring
bl

outer sur¢ace like mammals  behavier in het
summer. Thermal and visval properties o¢ the
compenents can be regulated by a contrelling
system that adjusts te the direction and the
amount o¢ heat ¢(low, based en the variable
climatic conditions. In addition te activating
the glazing with circulating water in water
bladder te behave dynamically ¢or daylighting
and selar heat goining/ in erder te increasing

bl
the respensivity o¢ the system, the building s
bedy is alse activated as part o¢ the hydrenic
system. The thermal mass in slabs, walls and
¢oundations are enlivened to connect thermally
with eccupants and ambient air and soil.
Accordingly, the dynamic selar envelope in
synergy with building active systems is capable
o¢ transgerring the amount o¢ heat ¢rom the

huilding core to the surgace or vice versa.



Methodology
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Gen BSDF @ Radiance

LBNL WINDOW 7.4 AND
RADIANCE

The simpligied models ¢or di¢serent
congigurations are set vp in LBNL Windows
7.4. ot evaluating the thermal and eptical
behaviors. In order to, the optical properties o
0.25 mm (0.01in) o clear ETFE (eils
(Noweglon ET 6235 Z 250) with 0.898 solar
and 0.886 visible lights Transmissivity is
degined in optics 6 and exported to LBNL
Window as a glazingand as o Giass Radiance
material with BRTDfum: ¢or the daylight
simulation with Daysim via Honaybn. The
opticul properties o¢ water are degined by
assigning a dielectric material in Radiance with
Ra(ruction Index 06133 (Sogalstain, D., 201).
The thermal conductivity o¢ water are alse
degined as some polynemial curves based on
diggerent temperatures (0-50 : C) (32122 N P

as a new gadp gas in LBNL Window Gup

library.



Complex Fenestration Modeling
Simplification and Defining Water as Shading Material and Gap Gas
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1. Defning optical properies of ETFE foll and coaing fims (@ opticsk
2. Dedning solar absorplion of water layer as homogensous dffusing shade @ LENL windows
3. Defning thermal properies of water layer as gap gas {@ LBNL windows
4. Assembling the glazing systems and generating BSDF & 1df @ LENL windows
5. Generaing BS0Fsbased on the dielecinc matenal and cushion geometry (@ radiance
6. Dedning refrachon efect of water layer as xmlas shading @ LENL windows
7. Generating combined BSOFs as dat @ TrnBSDF
4. Companng the layer's temperature resuls (NFRC) @Trnsys 18

TRNSBSDF AND TRNSYS 1
(DYNAMIC THERMAL
SIMULATION,

In new coming version o¢ TRNSYS“, itis
possible to apply the BSDF date for a
complex ¢enestration system generated by
LBNL Window and combine as digeerent
congigurations o¢ a detailed windew gor any
dynamic thermal simulatien. This new ¢eatures
provide ene detailed windew centaining all
optical and thermal ingermation o layers and
gops, which is pessible te calculate the
abserbed selar radiation and temperature gor

each layer and gap specigically.



Spectral Solar Absorption & Transmittance
Water Layer as Smart Selective Layer

%

Spectral Transmitance | Absarption [3)]

ETFE Transmitance 0.25mm
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Referring to the ¢igure, it is neticeable
that depending to the thickness o¢ water,
the light abserption o¢ water layer in
visible part o¢ spectrum (380—700nm) is
negligible (0.07% te 11.41%) but the solar
abserption (250-2500nm) is signicicant
(30.33% to 48.18%) in ingrared part. For
example all the solar radiation with the
wavelengths larger than 1125nm are
absorbed by 15 cm (5.91in) o water
layer, while 5e¢m (1.97 in) of water layer
only absotbs the solar radiation with

wavelengths larger than 1230nm.



Static Daylight Simulation
BSDF Matrix_ Study the effect of water layer

st December

Lengn SOm
Wieh ism
Heignt 0m
Window Dimersion 3328924 m*
Area 17.5m"
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Glass

Parallel Water

Winter Cenditiens: Increusing the
thickness o water layer, the amount o¢
absorbed selar radiation weuld be o
supplement source o¢ energy ¢or heating.
During the cold night, the exterior air

layer plays the role o¢ Night Insulation.



Static Daylight Simulation
BSDF Matrix_ Study the effect of water layer

?1st June

Summer Scenarte: According to the
absorption coe“iciem o¢ water, this
selective layer can gain 30-48% o selar
radiation and allow more than 99-88% o

the visible light spectrum to transmit

Glass

through the envelope and supply
sugsicient daylight.

Consequemly, the intelligent behavier o¢
water layer in a combination o¢ ETFE
¢oil makes a high-pergermance selective
layer with high Solar Heat Gain
Coe“iciem and high Visible Light
Transmissien. This gunction can aveid
the problem o¢ overheating during a

summer day and decrease cooling and

electrical loads egcectively.

The dynamic shading by digcerent critted
b g Py 9Iff f

pattern on ETFE ¢oils and Diuphragm

Configuraﬁon, internal refraction

phenomena inside water layer and the
egsect o¢ shape on more unicorm
distribution o light in the reom are alse

soeme new interesting aspects o¢ this

s o Pt P g Pt
[ (S B S

study.

T
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LOOK DEEP INTO NATURE

Green leaf optical properties, Dynamic shading device

SOAOAC SDA0pBon cosfhioent

"
» plates
n jlates

Multiple Reflection

Chlorophyll Pigment




Adaptive Performative Windows

Evaluating the performance of window configurations

1om

ouT | & b IN

SHEC D T1%
T wisibier 6534
Clear ETFE#AID

Glzazing Collector, WinterDay

WINTER SUMMER
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SHIEEC © 58%
T wisibie 395
1cm Pure Watsr

+ Reflective Coating

2 3

SHEC - 457 SHEC D W%
T wisibler 483 T wisiie: 30
HisalMirrory? +HisalMirrordd

sDAz00Lwx
67%

m lﬁln

m pabes

+ Pigment Concentration

4 5

SHEC - 50%% SHED © 45%
T wisibler 473 T wisibies 405
1% Concentraion +2% Concentraion

As shown in gigure 8 ¢or the comparison
study, the thickness o¢ water layer is
assumed 1cm (0.39 in). Zero
congiguration is a conventional multi-
layer ETFE cushion with 4 ¢oils and
0.25mm (0.01in) thickness and three
cavities and the main congiguration
(congiguration 1) is a multi-layer ETFE
cushion, which the middle cavity is ¢illed
with Tem (0.39 in) o pure water. The
opticul properties o¢ systems ¢or other
§our congigurations (cenfigurmiens 2to
5) are adjusted by applying Reflective
Coaﬁngs (HeatMirror77 and
HeutMirror44 ¢or congigurations 2 and
3), and dyed water with pigment (1% and
2% o¢ concentration ¢or congigurations 4

ond 5).



Dynamic Thermal Simulation
Dubai, Tehran and Stuttgart Office Building_ Base Case

Assessing the potential o¢ the di¢cerent
congigurations o¢ system, three base

cases are medeled with the same

Double glazing window, ID13002, Uvalue= 1.1, Gvalue=0.6
70% moveable external shading

properties but a standard double glazing
window. All the thermal properties cor

the external and internal walls, ceiling

Annual Energy Demand BaseCase Thermal Comfort (PPS)

|
|
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
}
-~ 100 I and ¢leer ¢er all the congiguratiens and
4500 ¢ I
I
} base case model are kept the same.
I
+ 90 |
4000 } Window wall ratie is 90% and the
I
- 80 } windew property ¢or base case model is
3500 1 }
= | a double glazing window (1D213002) with
= + 70 !
= 3000 + 63 ! U-valve of 11 W/m’K (0.19 Btor(hr ftz
= o
= 2450.08 } F)) and the G-valve of 60% with
S I
é 2sw N SN cssemsasce: = esccecccccsccecccsccects  soceccemcns ” }
g o | 70% reductien due to motorized
I
g ; | I I sh |
moveable external shading. In ¢igure 7,
kY 000 + 9 f'9 ’
= 2 }
w |
§ | the percormances o¢ standard base case
I
c l !
2 1500 } buildings in Dubai, Tehran and
I
I
} Stungart are shewn.in this ¢igure (figure
1000 I
} 7), the amount o¢ annual energy demand
I
I
: I tkWh/al cor heati li
S00 + | ai gor heating, ceoling and
I
I
0 } artigicial light is compared with thermal
0+ — Y }
BaseCase BaceC SaoeCase R Yok } comgort representing by PPS to)
Dubai Tehran Stuttgart | ) o
| (Predicted Percemcge of Suﬂsped).
® QHEAT_kWh ® QCOOL_kWh = Q_ELEC =% PPS }
I
I
|
I
I
I
I
I
I
I
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Adaptive Performative Windows
Selecting the most performative windows, Dubai

As shown in Annual energy demands
and annval pergormances diagrams
(Figure 10-12), the per¢ormance o¢ each
congiguration is highly dependent to the
climate conditions. For example in a het
climate like Dubai, the system is only

worked for caeling purpose. |n this case,
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- 100 |
bicad o0 } more ot less the same; but using a
% \
4000 3866.15 4000 } reglective ¢ilm is reducing the cooling
,,, 1
3500 — - 3500 | 7= P | } demand signigicantly. While providing
Ve o : |
‘. ol 9 e 2 4 |
g 3000 &5 e '15"4 i 2000 AL ‘e 2 i enough use¢ul daylight ¢er the space,
E s “ } congiguratiens 4 and 5 can alse reduce
" - [
g 223563 g g
1] 2014 46 = 9 a } the cooling demand.
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175, e
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Heat Collecting efficiency 3
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Adaptive Performative Windows
Selecting the most performative windows, Tehran

In terms o¢ providing usecul daylight in

the space, the annval daylight simulatien

¢or the worst congiguration

(congiguration 3, with 30% T 3) has been
vi

studied with sDA parameter. Spatial

Daylight Avtonemy (sDA) describes

how much ©¢ @ space receives sugcicient

Annual Energy Demand [ kWh/a ]

|
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|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
i
| X - .
Energy Demand -Tehran Annual Performance_Tehran } daylight. Speﬂflcolly, for Tehran, it
I
o - i } describes the 67% o¢ ¢loor area receives
|
4000 378565 4000 o' | at least 300 lux ¢or at least 50% o the
|
|
3500 TR . B 1500 TR 30 } annval eccupied heours. This pergormance
3000 200363 3 5 § 3600 5 7 i has a great impact on reducing the
g L } electricity demand ¢or artigicial light in
1500 - 250 - g }
1977 10 gl 0 ; i comparisen to the base cases with
™ 1734 01 ke ‘
> 40 | autemated shadings.
1469 48 S }
1500 1500 |
» l
|
e 1000 0.00% 1.01% 3.39% ; 10.12% 215% | 2 }
I
|
7560 1857 21435 2735 -, 10 l
35 B75 4288 512 }
0 1 2 4 5 0 1 2 3 4 S |
Window Configurations Window Configurations }
BQHEAT KWh  BQCOOL KWh = Q_ELEC wQeoliect kWh ®Qrej kWh ®% PPS |
|
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|
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Adaptive Performative Windows
Selecting the most performative windows, Stuttgart

The results alse show that the increasing
o¢ shading e¢cect due to reglective ¢ilms
on third Iayer or adding color to water
can rise the eggiciency o¢ the ¢a ade
compeonent by gaining more heat in
water during winter and aveiding risk e¢

overheating in summer.

Energy Demand _Stuttgart Annual Performance_Stuttgart |

4500 4500 10 !
4000 4000 i
3500 2 3500 i
s 3 5 |
é 3000 . §| 3000 - }
H § |
§ 2500 g 2500 2 i
B 200 [ 1s080 3 om0 > !
g 1500 125380 8 1500 i
< m i |
190 1120 75237 8293835 07 b 7 |
s i 487 90 o | i
5425 6458 7980 : . |

2 0 1 . 2 N B = |
Window Configurations }

BOMHEAT_KWh  ®QCOOL KWh  #Q_ELEC ®Ocollect kWh  ® Qrej kWh =% #pS |

Thermal Comfort and Heat Collecting & Rejecting Potential Annual Energy Performance |

Heat Collecting efficiency 3

Transsolar }
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Dynamic Thermal Simulation
Comparing Base Cases with Adaptive Facade

The ¢ull potential o¢ the dynamic water-

gilled ETFE cushion and the controlling
(1 9

mechanism o¢ Building s Blood

29
Circvlation  can only be achieved agter

evoluming diggerent congigurations cor

The proposed fagade component as a transparent
collector allows some of the mentioned potentials for

each climate through dynamic simulation

Annual Energy Demand BaseCase vs. Water-filled ETFE (Config3)

and ¢ind the mest appropriate centrelling

a south oriented window in different climates:

4500 strategy. However, at this stage o¢ the
o * Reduction in heating demand and harvesting salar research none o the combined dynamic
h'&ﬂt UEhran: 1{}{}% E.rl'd StUﬁgart 55%] contrel strategies has been assessed

3500 1 * Reduction in cooling demand: (Dubai: 1140, Tehran: ?

= 137 and Stuttgart: 30 kWh/a (3889.8, 467 5, 102 4 completely to improve the perormance.

g 000 KBTUIH] The results o¢ congiguration 3 are

E 245008 * Decreasing SHGC by absorbing solar o o

E sm Lo o comparing with the base cases in ¢igure

a radiation while it is almost transparent for

E‘ 2000 'I.IriSibl'E-‘ ||'ght 13, ¢or three digcerent climates.

g * Heat Rejection during summer night by

= s radiation to the cold sky

anss

11

1087.78

s 1044 67 *  Maximizing the daylight utilization and significant
reduction in electricity demand. (Dubai: 279, Tehran:
476 91 . 293 and Stuttgart: 128 kWh/a (952, 999.8, 436.8
13353 KBTU/a )
- — — * |n Addition to aesthetlc advantages of using d!ﬁerent
ETFE cushion €43 ETFE cushion o3 SEREE. ETFE cushion C#3 colors for water which can control the absorption and
Dubai Tehran Stuttgart

W QHEAT_kWh = QCOOL_kwh = Q_ELEC

shading effect
* Controlling the direct sunlight by using total internal
reflection inside the water layer (work in progress)



Total Internal Refraction

shading witheut

shades:

the idea oy redirecting light by water
layer
and the egpect op shape to adjust the

sunlight distribution escectively

T esting mockup, lest: high angle light
transmits threugh the empty cushion.

Righf: high angle light is blocked and
regracted inside the water gilled molti-

layer cushion.

Tesring mockup, adaptive light
distribution in the water cilled multi-loyer
cushien

by controlling the air pressure in outer air

cavity.




Total Internal Refraction
Have Fun with Optics

Internal regraction inside the water cavity
due to the tilted inner pane
And blocking the incident radiation

during summer time (27st June, Tebran)

M"W“'ﬂm
In order teo stu the preper
Air Water Alr Air Water Air Frodyinorder te study the prep

geometry and ¢igure out the appropriate

rotating angle ¢or digcerent latitudes, a

grasshopper deginition has been
- 4 3
L ] k]
developed te calculate the angle ¢or any
-] Q \ 5 R \ desire location and period of time. Some
T \ ~ - \
v \ = d \ 4
i B " =

o¢ the results are shown in the below

table (Table 1).
Summer solar radiation is blocked

Winter solar radiation is tranamitted

Transsolar
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Shading without Shader

Controlling the light distribution through water layer

Transsolar

academy

Parallel
Summer

Parallel
Winter

Tilted

Summer

Tilted

Winter

Based on the Snell's law, the driving
idea oy this research using the water
layer as a shade (shading without
shades) te block the specitic angles of
incident sunlight.

Regurding to total internal regractien
phenemena in water (as dielectric
material with regraction index o¢ 1.33),
the sunlight radiatien travelled through
the water layer is blocked on the tilted

pane and regracting inside the water.



Shading without Shader

Controlling the light distribution through water layer

Transsolar

academy

Parallel
Summer

v
A

Prismatic
Winter

Inflated

Summer

Using inner cavity in multilayer ETFE
cushien as an adaptive (lvid lens to
adjust the light distribution;

the internal recractien phenemena in
water cavity in a multilayer ETFE
cushion and blecking the summer high
angle selor radiatien while allowing the

winter low angle radiatien



Static Daylight Simulation

BSDF Matrix

st December

Tilted

Inflated

Lighting simolotien resuhs: The idea o¢
redirecting light by water layer needs
¢urther researches to be done to study
the e¢cect o¢ shape to adjust the
geometry and distribute sunlight
egsectively. The impact o¢ some o¢ these
shapes o¢ water layer on light
transmissien and distributien have been
evaluated by complex ¢enestration
system modeling methed and generating
the BSDF matrices through simulating
daylight by use o¢ opticsb, LBNL
Windews, Duysim and Trnsys18 new

femures.



Static Daylight Simulation
BSDF Matrix

?1st June

n-—-u-.-h—E,

2

[
| i ) San

Tilted

Inflated

Fer a standard eo¢cice reom in Tehran
and Swngart with a ¢ully glazed south
oriented ¢a ade, while the illuminance
level and light distribution is in
ucceptuble range; regarding te radiatien
values, decreasing the g-valve o¢ the
glazing, the energy demand ¢er cooling
can be reduced potentially due to the

internal regraction in water Iayer.



Water filled ETFE cushion fagade
Performative Pattern Generation

St.vpporﬁng the hydrostatic pressure o¢
water in lower part o¢ cushien, higher air
pressure (the maximum pressure o¢ 2000
po of 0.29 psi) or the secondary support

with tensile ¢ibers or kind o¢ cable net is

* Supporting the ETFE foils with welded fibers
* Decreasing the hydrostatic pressure based on the Venturi effect

necessary te aveid the foils frem any
plastic degormation. SuPporﬁng the
ETFE ¢oil with high pergormance
fibergluss and carben ¢ibers is part o¢
some pioneering research projects in
|TKE and ICD institutes in Smﬂgart
(Deerstelmann, M. et al.,, 2015).

According to the idea o¢ Urban Algue

Folly project gor EXPO Milane 2015,

another solution is dividing the spans

into smaller clear height up to 40cm (1.31

¢t). Since the water bladder is enveloped
Insert View of Fagade Component
with the euter air cavities and
hydrestatic pressure due te the 40 cm
(1.31 4t) height o water column is about
4000 pa (0.58 psi), the resultant pressure

exposed to the oil could be kept less

than 2000 pa (0.29 psi). Therefore, itis

pessible to carry the water inside the

Venturi Effect & Water Circulation
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ETFE bladders.
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